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INTRODUCTION
Cancer diseases have been linked to a huge number of causes 
that lead to death in this era, along with cardiovascular and lung 
diseases.1 Generally, cancer has widely spread in the last few 
years, the number of cancer patients in America alone reaches, 

around 1,806,590 patients.2 Most death-leading types of cancer 
are colon, lung, breast, and prostate cancers. Among various 
cancer types, colorectal cancer has a high prevalence in the 
United States, with 147.950 new patients and 53.200 expected 
deaths. Approximately 104.610 patients were identified with 
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colon cancer and 43.340 were identified with rectal cancer 
during 2020.3 The potential causes of colon cancer may be 
sporadic, hereditary, or caused by the development of ulcerative 
colitis and Crohn’s disease.4 

Tamoxifen citrate (Tam) is most frequently used for treating 
breast cancer by preventing the estrogen hormone from binding 
to its receptors.5 Therapeutic dose of the Tam was 10 mg 40 mg/
day, while 15.2 mg of Tam citrate is equivalent to 10 mg Tam. 
Tumors are generally associated with irregular blood vessels 
with the ability to increase permeation and poor lymphatic 
drainage that contributes to the retention inside tumors.6 This 
enhanced permeability and retention effect could be utilized by 
nanoparticles (NPs) to localize inside solid tumours.7 Various 
nanocarriers formulations have been developed to improve 
chemotherapy.8 Doxil and myocet (doxorubicin liposomes) 
were the first class therapeutics to be approved for cancer 
therapy.9 Other promising nanocarriers either approved or in 
clinical trials are nab-paclitaxel (albumin NPs),10 SMANCS, 
CRLX-101 (campthothecin NPs) and NK-105 (paclitaxel micelle).11 
Moreover, nanocarriers could be decorated with targeting 
ligands for a specific receptor in the tumour cells to improve 
cellular uptake.12 Few nanocarriers for targeted drug delivery 
are also in clinical trials such as MM302 (HER-2 targeting), 
MBP-426 (TfR-targeting), and BIND-014 (PSMA-targeting).13 
In addition to therapeutic benefits, nanocarriers could also be 
used in cancer diagnosis. Inorganic NPs and particularly gold 
(Au) NPs have extensively been extensively used extensively to 
improve diagnosis of cancer tissue.14

An issue to be addressed with current chemotherapy is its 
ineffectiveness against multidrug resistant cancer cells.15 
Specifically, resilience against structurally and systematically 
unrelated drugs is the primary concern in cancer treatment.1 
Cancer cells acquire resistance mainly due to the overexpression 
of drug efflux proteins, DNA repair activation, and apoptotic 
signaling modification.16 High interstitial fluid pressure of 
tumour stroma also hinders drug penetration that results in the 
development of drug resistance due to less drug exposure.17 

Furthermore, multidrug resistant cancer cells strongly reduce 
the internalization of drugs across the cell membrane with the 
help of P-glycoprotein efflux pumps.18 Recently, scientists have 
started to use several unique characteristics of the extracellular 
tumour microenvironment like acidic extracellular pH, specific 
enzymes, and hypoxia condition. Chitosan (Chi) is derived from 
chitin by the deacetylation process. The polymer is considered 
Chi, when the degree of acetylation is less than 50%, which 
is soluble in acidic solutions.19 Moreover, Chi has increased 
usage due to its cationic nature and mucoadhesive properties 
due to it is improved drug absorption capability.20 Chi NPs not 
only can deliver hydrophilic and hydrophobic molecules but 
also to stabilize pharmaceutical ingredients against enzymatic 
degradation and thus improve the bioavailability and prolong 
the drug action.21 This study attempts to develop a NP drug 
delivery system using β-cyclodextrin (β-CD)-based inclusion 
complexes to enhance the cellular uptake of nanocarriers and 
increase the internalization of Tam inside the cancer cells and 
improve its efficacy.

MATERIALS AND METHODS
Materials
Au (III) chloride 99% (Sigma-Aldrich, USA), Chi low molecular 
weight (Sigma-Aldrich,USA), β-CD >97% (Sigma-Aldrich, 
USA), sodium citrate tribasic dihydrate (Sigma-Aldrich, USA), 
hyaluronic acid (HA) sodium salt (Sigma-Aldrich, USA), Tam 
citrate (Sigma-Aldrich, USA), sodium tripolyphosphate (TPP) 
85% (Sigma-Aldrich, USA), Dulbecco’s Modified Eagle’s 
Medium (DMEM) (ATCC, USA), phosphate-buffered saline (PBS) 
(ATCC, USA), trypsin-EDTA solution (ATCC, USA), penicillin-
streptomycin solution (ATCC, USA), fetal bovine serum (ATCC, 
USA), trypsin-EDTA solution (ATCC, USA), Caco-2 (ATCC HTB-
37, USA), and MCF-7 (ATCC HTB22™, USA) cell lines.

Preparation of Tam: β-CD inclusion compound
Tam: β-CD inclusion compound was prepared in a 1:1 M ratio. 
Briefly, Tam and β-CD, 10 mg for each, were completely 

Figure 1. A schematic diagram describing the preparation steps of both β-CD-Tam inclusion complex (A) and Tam-β-CD-HA-Chi-Au nanocomposite (B)

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold
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dissolved in (2:1, v/v) a mixture of methanol and 30% of 
ammonium hydroxide. The solution was filtered through a 
0.45 µ membrane filter and the filtrate was evaporated under 
reduced pressure and dried in a vacuum oven (80°C and 695 ± 
69 mbar) (Figure 1A).22,23

Preparation of gold nanoparticles 
In brief, 2.5 mL of chloroauric acid (HAuCL4) solution (1 
mg.mL-1) was mixed with 20 mL ultrapure water and the solution 
temperature was maintained at 80°C under magnetic stirring at 
350 rpm. Then, Au NPs were formed by adding 1 mL of sodium 
citrate tribasic dihydrate solution (7 mg.mL-1) and stirring was 
continued until the colour of the solution changed to purple.

Preparation of chitosan-gold nanoparticles
Chi-Au NPs were prepared by adding 0.2 mL Chi solution (0.5 
mg.mL-1) and 2.5 mL of HAuCL4 solution (1 mg.mL-1) along with 
19.8 mL of ultrapure water at 80°C and 700 rpm. Then, 1 mL 
of sodium citrate tribasic dihydrate solution (7.5 mg.mL-1) was 
added to the obtained solution and the stirring was continued 
until the colour of the solution changed to dark blue.

Preparation of Tam-β-CD-HA-Chi-Au nanocomposite
Briefly, 12.5 mL of HAuCL4 solution (1 mg.mL-1) was mixed with 
1 mL Chi solution (0.5 mg.mL-1) and 97.5 mL of ultrapure water 
was added under stirring at 500 rpm and a temperature of 65°C 
for 30 min. Then, 2.5 mL of Tam-β-CD inclusion compound 
and 500 µg of HA were added to the solution. Finally, the 
formation of NPs was achieved by adding 3.66 mL of sodium 
citrate tribasic dihydrate solution (15 mg.mL-1) along with 1.84 
mL of TPP solution (1 mg.mL-1) to the obtained solution under 
continuous stirring. The resulting NPs were centrifuged at 
13,000 rpm, dried by vacuum oven (80°C and 695 ± 69 mbar), 
and used for further studies.

Determination of particle size, zeta-potential and polydispersity 
index 
Zeta-potential of Tam-β-CD-HA-Chi-Au nanocomposite was 
measured by Doppler anemometry using zeta-sizer (Malvern 
instrument, Malvern, UK) at 25°C. Around 2 mL samples were 
filtered by 0.20 µm syringe filter and then filled in the zeta cell 
for measuring the size and charge of the nanocomposite. 

High resolution transient absorption microscopy (HRTEM)
HRTEM was conducted using a JEM-2100F microscope. 
The structure and morphology of Tam-β-CD-HA-Chi-Au 
nanocomposite were determined. The sample was sonicated for 
15 min. Then, one drop of the sample was placed on an HRTEM 
grid and maintained at room temperature of 4′,6-diamidino-
2-phenylindole (DAPI) until it was completely dry. After that, 
morphology of the nanocomposite was observed and high-
quality images were taken.

Ultraviolet-visible (UV-visible) spectra
Optical properties of the Au NP solutions were determined 
using a double beam spectrophotometer by scanning the spectra 
from 200 to 800 nm. Sodium citrate tribasic dihydrate and TPP 
solution were used as the blank and ultrapure water was used 

as the solvent. Au NPs, Chi-Au NPs, and Tam-β-CD-HA-Chi-Au 
nanocomposite solutions were characterized as well. Fourier 
transform infrared spectroscopy (FTIR) spectrometers.

All spectra of the samples were taken by the Thermo Fisher 
Scientific Nicolet iS5 spectrophotometer (Wisconsin, USA), 
using OMNIC Software from 1000 to 4000 cm-1 at a data 
acquisition rate of 2 cm-1 per point.

Determination of encapsulation and loading efficiency
To assess the encapsulation and loading efficiency (EE) of Au 
NPs, 5 mg of Tam-loaded Au NPs were dissolved in methanol, 
then filtered and centrifuged for 30 min at 13,000 rpm.24,25 The 
amount of Tam in the supernatant was determined by HPLC and 
the EE was calculated using the following equation:26

total Tamoxifen citrate content
EE (%) =

 (total Tamoxifen citrate content-free Tamoxifen citrate content)
×100                   

equation 1         

Chromatographic conditions
The HPLC system used for this study was a Waters 2487 dual λ 
absorbance detector equipped with Water 1515 Isocratic HPLC 
Pump and Supelco® analytical column with 15 cm x 4.6 mm i.d.; 
5 µm particle size. The mobile phase for gradient elution was 
composed of a solution of acetic acid and 1% of ammonium 
acetate in methanol (1:99) at 1.5 mL.min-1 flow.27 10 µL of the 
sample was injected into the chromatographic system.

Cell culture
MCF-7 (ATCC HTB22™) and Caco-2 (ATCC HTB-37) cells were 
routinely kept in DMEM containing 1% penicillin-streptomycin at 
37°C and 10% fetal bovine serum in 5% CO2 and 95% air. 

Dynamic assessment of cytotoxic effect of Tam-β-CD-HA-Chi-
Au nanocomposites on Caco-2 and MCF-7 cells using real-time 
cell analysis
In this study, real-time cellular analysis (RTCA) xCELLigence 
technology was chosen for screening the cytopathic effect of 
the nanocomposite by monitoring the cellular impedance of 
the cells in real-time during the complete time course of the 
experiment.24 Background measurements were taken from the 
wells by adding 50 µL of DMEM media to E-plates 16. Then, 
MCF-7 and Caco-2 cells were seeded and plated at a density of 
1x104 cells/well in fresh DMEM medium grown overnight at 37°C 
and 5% CO2 to reach the log phase, then incubated with Tam, 
Tam-β-CD-Au NPs, and Tam-β-CD-HA-Chi-Au nanocomposite 
(each complex contained 23.69, 35.69, and 47.55 µM Tam) or 
medium alone, and cell responses were monitored by taking 
RTCA DP instrument (ACEA Biosciences Inc., USA) readings 
every single 5 min for 24 h and every 30 min for 48 h. Kinetic 
profile of the cellular responses, the reduction in cell index, and 
IC50 values as per each complex were taken accordingly against 
their respective concentrations.25

Preparation of rhodamine 6G-labeled Tam-β-CD-HA-Chi-Au 
nanocomposite
The vacuum-dried Tam-β-CD-HA-Chi-Au nanocomposite was 
redispersed in 5 mL dimethyl sulfoxide solution followed by the 
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addition of rhodamine 6G and 0.5 mL NaOH (0.1 M) was dissolved 
in methanol at 10.0 mg.mL-1 concentration. The nanocomposites 
were incubated with rhodamine 6G solution for 24 h in the 
dark at environmental temperature. The prepared rhodamine-
labelled Tam-β-CD-HA-Chi-Au nanocomposites were collected 
by centrifugation and washed 3 times with methanol until the 
free rhodamine 6G could not be seen in the supernatant. Then, 
Tam-β-CD-HA-Chi-Au nanocomposites were resuspended in 5 
mL PBS after centrifugation.

Cellular uptake assessment of Tam-β-CD-HA-Chi-Au 
nanocomposites by fluorescence microscopy
A Zeiss Axio Vert.A1 inverted microscope (Carl Zeiss, Germany) 
outfitted with HBO 50 W mercury vapor lamp and exciter/emitter 
filter combinations were used. Filter 38 (495 nm excitation and 
517 nm emission) was used to observe FITC stained cellular 
membrane with green. Filter 43 (550 nm excitation and 573 
nm emission) was used to observe rhodamine-labelled Tam-
β-CD-HA-Chi-Au nanocomposites with red and filter 49 (359 
nm excitation and 457 nm emission) was used to observe 
DAPI stained cells with blue. MCF-7 and Caco-2 cells were 
seeded at a density of 1x105 cells/well. Then, the cells were 
shifted to centrifuge tubes containing serum free medium 
supplemented with rhodamine-labelled Tam-β-CD-HA-Chi-Au 
nanocomposites (100 µg.mL-1) and kept in the dark place for 
6 h. Instantly after 6 h, the cells were washed several times 
with PBS and fixed by 100 µL of 37% formaldehyde, then left 
at environmental temperature for 10 min followed by additional 
washing steps. The cells were centrifuged at 4000 rpm and 
the supernatant was discarded. Then, 10 µL of DAPI stain (1 
µg.mL-1) and 10 µL of FITC stain (60 µg.mL-1) were added. The 
cells were kept in the dark place for 20 min. Finally, the cells 
were centrifuged and separated, then resuspended in 20 µL of 
PBS and 1 µL of cell suspension was placed onto a glass slide, 
then the slide was coated with a coverslip.28 The images of the 
cells were captured, under standardized setting and contact 
time, a fluorescence microscope and Zen 2010 software (Blue 
Edition) was used for image analysis.

Statistical analysis
The one-way ANOVA was used to determine the significant 
differences between the means of three Tam-β-CD-HA-Chi-Au 
nanocomposite concentrations.

RESULTS AND DISCUSSION
Preparation of Tam-β-CD-HA-Chi-Au nanocomposite
Tam-β-CD-HA-Chi-Au nanocomposites were prepared as 
described by Turkevich et al.29 with modification. Chi was used 
to offer sufficient surface area for loading the drug and improve 
drug delivery; hence, it was chosen to be mixed with Au (III) 
chloride.30 Then, ultrapure water was added under stirring at 
500 rpm and at a temperature of 65°C for 30 min, followed 
by the addition of Tam-β-CD inclusion compound to improve 
Tam solubility. HA was added to enhance tumour permeability 
and NP retention31,32 along with TPP solution, which was used 
as cross-linker to form electrostatic attraction between the 

positively charged Chi and negatively charged TPP.33 Finally, 
due to the reduction properties of sodium citrate tribasic 
dihydrate, it was added to sodium citrate tribasic dihydrate to 
achieve the formation of Au NPs (Figure 1B) and it resulted in 
the repositioning and rigidization of both inclusion compound 
and Chi on the superficial of Au NPs to form Tam-β-CD-HA-
Chi-Au nanocomposite.29,34

Particle size, zeta potential, and polydispersity index (PDI) 
determination
Average size of the prepared NPs was 12.31 nm with -46.4 
mV zeta potential for Au NPs, 21.66 nm with -37.7 mV zeta 
potential for Chi-Au NPs and 82.02 nm with -32.6 mV zeta 
potential and PDI 0.107 (Figure 2A, B) for Tam-β-CD-HA-Chi-
Au nanocomposite (Table 1). Setyawati et al.35 stated that the 
size of their Au NPs was 11 nm. Moreover, Regiel-Futyra et 
al.36 reported that the size of Chi-Au NPs was 26 nm, which 
is similar to our average size of Chi-Au NPs. However, Kang 
and Ko37 prepared docetaxel cationic lipid-coated Au NPs with a 
size of about 70 nm, which is smaller than the size of our Tam-
β-CD-HA-Chi-Au nanocomposite.

High resolution transmission electron microscope studies
HRTEM images revealed that the Au occupied the central 
position, and a layer of polymer surrounding the Au NPs that 
indicate a successful formulation of Au NPs and a layer of Chi 
and inclusion complex was deposited on the surface of NPs 
(Figure 3C). Figure 3A, B presents different Au NP shapes 
including spherical, hexagonal and irregular shapes. Regiel-
Futyra et al.36 reported that most of their Au NPs were in 
spherical shape. However, previous research reported the 
presence of irregular NPs with an average size of 33 nm.38 

Figure 2. Size distribution of Tam-β-CD-HA-Chi-Au nanocomposite 
by volume (A), zeta potential distribution of Tam-β-CD-HA-Chi-Au 
nanocomposite (B)

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: 
Gold

A

B
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UV-vis spectra
The reduction of HAuCL4 to Au NPs was confirmed by UV 
spectroscopy, by scanning the spectra from 200 to 800 nm 
(Figure 4D). The UV-Vis spectra of gold nanoparticles (GNPs) 
revealed maximum absorbance at 233 and 529 nm, which 
indicated that the HAuCL4 was converted to Au NPs. Whereas, 
when Chi was incorporated with GNPs, the result showed a 
shifting in λmax from 233 to 243 and from 529 to 527 nm. 
Noticeably, this shifting in λmax changed colour form purple 
(GNPs) to light violet (Chi-GNPs) (Figure 4A, B). However, the 
maximum absorbance of Tam-β-CD-HA-Chi-Au nanocomposite 
was at 221 and 527 nm with a dark violet (Figure 4C) (Table 2).

Determination of encapsulation efficiency
As previously described, the encapsulation EE of Au NPs can 
be calculated using equation (1), which was found to be 94.97%.

FTIR characterization
A comparison was made of several FTIR spectra of analyzed 
samples to confirm the complex formation between Au NPs, 
Chi-Au NPs, inclusive compound, and Tam-β-CD-HA-Chi-Au 
nanocomposite. Figure 5B reveals that the characteristic peak 

Table 1. Mean particle size, zeta potential, and polydispersity index of the prepared gold nanoparticle

Parameters Au NPs Chi-Au NPs
Tam-ββ-CD-HA-Chi-Au 
nanocomposite

Mean particle size 12.31 21.66 82.02

Zeta potential -46.4 -37.7 -32.6

PDI 0.544 0.557 0.107

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold, PDI: Polydispersity index, NPs: Nanoparticles

Figure 3. Images of Tam-β-CD-HA-Chi-Au nanocomposite. A and B show 
different Au NP shapes including spherical, hexagonal and irregular. C and 
D show the successful formation of Chi and the inclusion complex layer that 
surrounded the Au NPs

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan,  
Au: Gold, NPs: Nanoparticles

Table 2. The shift in λmax between GNPs, Chi-GNPs, and Tam-ββ-CD-HA-Chi-Au due to change in the chemical composition in 
nanocomposite is shown in Figure 4

Nanoparticles Absorbance (nm)

GNPs 233 and 529

Chi-GNPs 243 and 527

Tam-β-CD-HA-Chi-Au nanocomposite 221 and 527

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold, GNPs: Gold nanoparticles

Figure 4. GNPs (A), Chi-GNPs (B), Tam-β-CD-HA-Chi-Au nanocomposite 
(C), absorption spectra of GNPs. The results demonstrated the correlation 
between the shift in lmax and the formation of NPs (D)

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: 
Gold, NPs: Nanoparticles, GNP: Gold nanoparticles

D
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of Chi at 1645 cm-1 disappeared and two new peaks appeared at 
1623 cm-1 and 1567 cm-1. This disappearance of the peaks can 
be explained by the attribution of the band to the linkage of the 
phosphoric and ammonium ions. This new band at 1623 cm-1 was 
due to N-H vibrations in NH3+ ion, which showed the occurrence 
of the cross-linking between Chi and TPP and confirmed 
the formation of the polyelectrolyte complex. However, the 
characteristic peaks of Tam in the inclusion complex entirely 
vanished showing characteristic peaks at 1393 cm-1 (coupled 
in plane bending of CH2), 2964 cm-1 (asymmetric stretching 
from CH2), and at 3260 cm-1 (asymmetric and symmetric 
stretching of OH). Figure 5C indicates that the Tam molecule 
was entirely inserted into the β-CD cavity. In Figure 5D, none 
of the characteristic peaks of Tam nor β-CD were observed as 
the inclusive compound was loaded into the NPs, but only the 
characteristic peaks of Chi and Au NPs were observed with 
slight shifting due to the surface interaction between Chi and 
Au NPs.

Cellular uptake of Tam-β-CD-HA-Chi-Au nanocomposite using 
fluorescence microscopy techniques
The objective of fluorescence microscope imaging was to 
confirm the cellular uptake of NPs by Caco-2 and MCF-7 cells. 
As shown in Figure 6A, rhodamine stained the NPs with a red 
and DAPI stained the nucleus with a blue, whereas fluorescein 
isothiocyanate stained the cellular membrane with a green. 
According to the data presented in Figure 6A, Caco-2 cellular 
uptake of Tam-β-CD-HA-Chi-Au nanocomposite is time-

Figure 6. Rhodamine incorporated Tam-β-CD-HA-Chi-Au nanocomposite 
uptake by Caco-2 cells. Caco-2 cells were analysed by fluorescence 
microscopy after 0 h, 1 h and 2 h of incubation with Tam-β-CD-HA-Chi-Au 
nanocomposite (A). The red-light intensity due to rhodamine incorporated 
Tam-β-CD-HA-Chi-Au nanocomposite represents the cellular uptake of the 
developed formulation at 0 h (B), 1 h (C) and 2 h (D)

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: 
Gold, NPs: Nanoparticles

Figure 5. FTIR spectrum of Au NPs (A), Chi NPs (B), inclusion complex (C) and Tam-β-CD-HA-Chi-Au nanocomposite (D)

FTIR: Fourier transform infrared spectroscopy, β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold, NPs: Nanoparticles

A

B

C

D



   KAHLOUS et al. Characterization of a Gold Nanocarrier for Cancer Therapy       397

dependent. The fluorescence microscopy indicated that the 
Tam-β-CD-HA-Chi-Au nanocomposite had entered the cancer 
cell and was localized near the nucleus. In other words, there 
was a portion of the Tam: β-CD-HA-Chi-Au nanocomposite 
was taken up by the cell and got localized next to the nucleus. 
Additionally, fluorescence images showed a punctuated staining 
pattern due to intracellular aggregates of the nanocomposites.

Hence, cellular uptake of the prepared Tam-β-CD-HA-Chi-Au 
nanocomposite was efficiently improved by Chi properties such 
as mucoadhesive and absorption enhancement. Moreover, the 
cellular uptake was also quantified by measuring the red light 
(due to rhodamine-labelled NPs) intensity per cell and as shown 
in Figures 6B-D (Table 3). These observations suggested that 
the light intensity is directly correlated with the incubation time, 
indicating that the developed formulation improved the cellular 
uptake of NPs in time-dependent manner. However, as shown 
in Figure 7, Tam-β-CD-HA-Chi-Au nanocomposites did not 
appear at zero hour, indicating that absorption did not occur. 
However, at 1 h and 2 h, MCF-7 cellular uptake of Tam-β-CD-
HA-Chi-Au nanocomposite was time-dependent with a slight 
improvement in cellular uptake. 

Cytotoxicity of Tam-β-CD-HA-Chi-Au nanocomposite on Caco-
2 cells and MCF-7
In this study, Caco-2 and MCF-7 cell lines were used to investigate 
cytotoxicity of Tam-β-CD-HA-Chi-Au nanocomposite on cancer 
cells and the cellular impedance of the cells was monitored by 
an RTCA DP instrument. Figure 8A presents dose-dependent 
cytotoxicity of Tam-β-CD-HA-Chi-Au nanocomposite on 
the Caco-2 cell line. Tam-β-CD-HA-Chi-Au nanocomposite 
significantly improved the cytotoxic activity of Tam since the 
half maximal IC50 value of Tam decreased from 8.55 µM to 5.32 
µM after 48 h of incubation time (p value <0.00001). Since the 
intestinal epithelium of the small and large intestines is normally 
surrounded by goblet cells which secrete a thick layer of mucus 
around them, was postulated that the improvement in the 
cytotoxicity over time is due to the mucoadhesive and absorption 
enhancement properties of Chi. A similar study has shown that 
the keratinocyte growth (FGF7) FGF7: β-CD: Everolimus complex 
has a significant cytotoxicity on Caco-2 cells and has improved 
the antiproliferative effect of everolimus. In other words,  
FGF7: β-CD: Everolimus complex succeeded in reducing  
the IC50 value of everolimus from 9.65 µM to 1.87 µM.39  

Table 3. The intake of rhodamine-incorporated Tam-ββ-CD-HA-Chi-Au nanocomposite deviation for 0 h, 1 h, and 2 h is shown in 
Figure 6

Time 0 h (h) 1 h (h) 2 h (h)

Intake of rhodamine-incorporated Tam-β-CD-HA-
Chi-Au nanocomposite

856306 ± 17.541 835975 ± 19.363 899272 ± 24.277

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold

Figure 7. The cytotoxicity of Tam-β-CD-HA-Chi-Au nanocomposite on Caco-2 cells is shown by the RTCA DP instrument (8A). Cells were seeded and 
incubated with DMEM media (1A), 23.69 µM of Tam-β-CD-HA-Chi-Au nanocomposite (2A), 35.62 µM of Tam-β-CD-HA-Chi-Au nanocomposite (3A), 47.55 µM 
of Tam-β-CD-HA-Chi-Au nanocomposite (4A). The cytotoxicity of Tam-β-CD-HA-Chi-Au nanocomposite on MCF-7 cells is shown by the RTCA DP instrument 
(8B). Cells were seeded incubated with DMEM medium (pink), 2.15 µg of Tam-β-CD-HA-Chi-Au nanocomposite (red), 3.23 µg of Tam-β-CD-HA-Chi-Au 
nanocomposite (green), 4.31µg of Tam-β-CD-HA-Chi-Au nanocomposite (dark blue), cells incubated with DMSO (light blue)

β-CD: β-Cyclodextrin, Tam: Tamoxifen, HA: Hyaluronic acid, Chi: Chitosan, Au: Gold, RTCA: Real-time cellular analysis xCELLigence, DMEM: Dulbecco’s Modified Eagle’s 
Medium, DMSO: Dimethyl sulfoxide
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On the other hand, no improvement in Tam cytotoxicity was 
observed, when the nanocomposite was tested on the MCF-7 
cell line as the IC50 value of Tam was 6.48 µM, which is lower 
than nanocomposite 68.6 µM, after 48 h of incubation time. It 
is mainly due to the lack of mucus lining around MCF-7 cells, 
which prevents the adhesion of the nanocomposite to the cell 
surface and reduces the cellular uptake, and consequently 
affects the cytotoxicity of Tam (Figure 8B).

CONCLUSION
Tam-β-CD-HA-Chi-Au nanocomposite was prepared 
successfully, which exhibited an average size of 82.02 nm 
with -23.6 mV zeta potential. Au occupied the central position 
and a layer of polymer was surrounding Au NPs that indicates 
a successful formulation of Au NPs, and a layer of Chi and 
the inclusion complex was deposited on the surface of the 
NPs. Furthermore, Tam-β-CD-HA-Chi-Au nanocomposite 
(equivalent to 5.32 µM of Tam citrate) significantly improved the 
cytotoxic activity and cellular uptake of Tam on Caco-2 cells. 
However, the developed formula showed more effect on Caco-2 
than MCF-7. In conclusion, this study showed that Tam-β-CD-
HA-Chi-Au nanocomposite is a potential nanocarrier to deliver 
the drug to cancer cells, due to its improved Tam activity on 
colorectal cancer cells.
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